J 



EuropitocnM Patentamt 
European Patent Office 
Offlca europien dee bravata 




© Publication number: 0 643 196 A3 



EUROPEAN PATENT APPLICATION 



@ Application number : S4304090.7 
@ Data of fling : 07.06.94 



© Int a*: E21B 43/02, E21B 43/25 



(g) Priority: 09.09.93 US 118702 

@ Data of publication of application : 
15.03.95 Bulletin 95/11 



(S) Designated Contracting States : 
DE DK FR 6B IT NL 



Date of deferred publication 'of search report : 
15.11.95 Bulletin 95/46 



@ Applicant : HALLIBURTON COMPANY 
P.O. Box 1431 

Duncan Oklahoma 73536 (US) 



® 



Inventor: Dewpraehad, Brahmadeo 
1115 Unda Una 

Newcastle, Oklahoma 73065 (US) 
Inventor : Weaver, Jknmle D. 
Route 4, 
Box 231B1 

Duncan, Oklahoma 73533 (US) 



@ Representative : Wain, Christopher Paul at al 
AJl THORNTON & CO. 
Northumberland House 
303-306 High Holborn 
London WC1V 7LE (GB) 



@ Conselldatable particulate material and well treatment method 

(57) A subterranean zone located in a wed is 
treated by injecting a treating composition into 
the well to place the treating composition in the 
subterranean zone, the treating composition 
comprising a gelled carrier; a particulate ma- 
terial; an epoxy resin system including at least 
one epoxy resin ; and a finely-divided hardening 
agent which, when dissolved, is operable for 
hardening the epoxy resin, the finely-divided 
hardening agent being dispersed In the epoxy 
resin system. The finely-divided hardening 
agent is maintained under conditions such that 
prior to injecting the composition into the wei, 
the finely-divided hardening agent does not 
substantially dissolve. 
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(m) Conaolidatable particulate material and weM treatment method. 



A subterranean zone located In a. weO is treated by Injecting a treating composition Into the well to 
place the treating composition in the subterranean zone, the beating composUon comprising a gelled 
canter; a particulate material ; 'an epoxy resin system including at least one epoxy resin ; and a 
finely-divided hardening agent which, when dissolved, is operable for hardening the epoxy resin, the 
finely-divided hardening agent being dispersed in the epoxy resin system. The finely-divided hardening 
agent is maintained under conditions such that, prior to injecting the composition into the well, the 
finely-divided hardening agent does not substantially dissolve. 
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The present Invention relates to a method of treating a subterranean formation using a conaolidatable 
sooxy resin-coated particulate material. 

ConsoBdataWe spoxy resin-coated particulate materials have been used heretofore in various wall treat- 
ment operations. Consolidatebla epoxy resin-coated sands have been used, for example, for gravel packing, 
for the development of controled permeability synthetic formations within subterranean zones, and as prop- 
pant materials in formation fracturing ccerations. Duo to their desirable permeability and .xmprassive strength 
characteristics, conaolidatable epoxy resin-coated particulate matoriala are especially well-suited for treating 
semiconftoiidated and unconsolidated formations which contain loose or unstable sands. 

As used herein, the term "consWidataWe epoxy resin-coated particulate material- refers to a particulate 
material which is coated with an uncured or onry partiaty cured epoxy resin composition. Typtealy. the con- 
solidatable epoxy resin-coated particulate material wilt be Injected into a subterranean zone using procedures 
whereby the epoxy resh does not substantially harden untl after the particulate material has been delivered 
to a desired location within the formation. The consolidatable epoxy resin-coated particulate material wil typ- 
tealy harden within the formation to form a hard, consolidated, permeable mass. 

Wei treatment methods utilizing consolidatable epoxy resin-coated particulate matoriala are disclosed, 
for example, in U.S. Patent No. 5,128.390. The entire disclosure of U.S. Patent No. 5,128.390 to incorporated 

U S Patent No. 5,128.390 discloses a method for continuously forming and transporting consolidatable 
restecoated particulate materiaJa. In the method of U.S. Patent No, 5,1 28.390, a stream of gelled aqueous car- 
rier liquid is continuously mixed with a particulate material (e.g., sand), a hardenable epoxy resin composition, 
and a surface active agent. The resulting continuous composition is delivered to and/or injected Into a desired 
subterranean zone. As the continuous mixture flows down the well tubing toward the subterranean zone, the 
composition Ingredients are thoroughly mixed such that the gel-suspended particulate material la coated with 
the hardenable epoxy resin composition. After being placed in the subterranean zone, the epoxy resin com- 
position is allowed to harden whereby the resin-coated particulate material forms a hard, permeable, consol- 



The hardenable epoxy resin composition used in the method of U.S. Patent No. 5.128,390 is generally com- 
posed of. a potyepoxide resin carried in a solvent system; a hardening agent; e coupling agent; and a hardening 
rate controller. The hardening agent used In the method of U.S. Patent No. 5.128.390 is either (a) an amine, 
a poly amine, an amide, and/or a pctyamide dissolved in a su table solvent or (b) a liquid eutoctic mixture of 
amines diluted with methyl alcohol. 

Unfortunately, well treatment methods of the type disclosed In U.S. Patent No. 5,128,390 are not wei- 
suited for use In high temperature subterranean formations. Consolidated epoxy/hardener compositions of the 
type ueed in the methods of U.S. Patent No. 5,128,390 typically cannot withstand temperatures substantially 
exceeding about 200° F. However, such temperature condUons are commonly encountered in subterranean 

Thus, a need presently exists for a consWidataWe resincoated particulate material and method which can 
be used for treating high temperature subterranean zones and formations (!•••. zones and formations having 
temperatures exceeding about 200° F). 

Diaminodiphenylsutfone (DOS) has been used heretofore as a hardener in certain epoxy resin composi- 
tions. DOS generaly provides high temperature resistance and high chemical resistance properties. At ambient 
conditions, M>S is typicaly a sdid material which wW rx^ dissolve inmostof the solvents and/or 

diluents used in epoxy resin systems. Thus, when blending DOS with an epoxy resin, the blend components 
must typically be heated sufficiently to enable the DDS to be dissolved in the epoxy resin system. 

In view of the difficulties encountered when Wending DOS with epoxy resins, the use of DDS as an epoxy 
resin hardener in woii treatment <>peratlons has i»t heretofore been a viable alternative. The heating and Wend- 
ing operations required for dissolving DDS hi epoxy resin systems typically cannot be economically and con- 
veniently conducted at the well site. Addiuonaly. « ia generally not possiWe to perform the Wending operation 
off- site and then deliver the DDS/epoxy resin blend to the weN site since: (a) the resulting DDS/epoxy resin 
composition will typtealy have a very short pot life; (b) the DDS/epoxy resin composition wil, in many cases, 
harden before it can be defvered to the well s*e and used; and (c) sven if the Wend does not harden before 
use, any excess material produced and delivered to the wel site is simpfy wasted. 

We have now devised a method of treating a subterranean formation using an epoxy resin-coated partic- 
ulate material (imposition. 

AcconJng to the present invention, there is provided a method of treating a subterranean zone in a wel. 
which method comprises the stops oft 

(a) injecting a treating composition into the wel to place the reposition in the said, subterranean zone; 

wherein the treating composition comprises a geled carrier, a . articulate material, an epoxy resin system 
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including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is operable 
for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being dispersed 
in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that prior to injecting the com- 
position into the well m accordance with step (a), the finely-divided hardening agent is not substantial 
dissolved. 

One preferred finely cnndec hardening agent for use in the invention is 4,4^diaminodiphenyfsulfone. 

The present invention resolves various problems encountered heretofore in the use of DOS and similar 
high temperature harden «g agents. The components of the well treating composition can be conveniently and 
economically blended at the wei site using standard mixing techniques and devices. Since the finely-divided 
hardening agent used in the mventive composition does not substantiaty dissolve until after the composition 
is pumped into the well, there • very little chance that the epoxy resin component of the composition will sig- 
nificantly harden before the composition is properly placed downhde. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher compressive strength and a substantiafly 
higher fracture conductivity than does uncoated sand. Thus, the composition and method are well-suited for 
use in gravel packing operators, fracturing procedures, and other such well treating techniques. 

If desired, the epoxy res« and finely-divided hardening agent components of the inventive composition 
can be premixed to provide a one package epoxy system having a desirably long pot life. The inventive one 
package epoxy system will not substantially harden until the temperature of the system is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissolve. When, for example, the finely- 
divided hardening agent used in the inventive one package system is 4,4*-diamlnodiphenyisulfone, the one 
package system can typically be stored for more than 25 days at temperatures not substantially exceeding 
75' F. 

Further objects, features, and advantages of the present invention will be readily apparent to those skilled 
in the art upon reading the following description of the preferred embodiments. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As indicated above, the inventive well treating composition comprises: an epoxy resin system; one or more 
finely-divided hardening agents which, when dissolved, is (are) operable for hardening the epoxy resin system; 
a gelled carrier and a particulate material. The inventive well treating composition can optionally include one 
or more members selected from the group consisting of: a solvent or solvent system for the epoxy res in system; 
a diluent or diluent system for the hardening agent; one or more coupling agents; one or mora compounds which 
are operable for crosslinking the epoxy resin system; various surfactants; hardening rate controllers; methanol; 
and one or more aliphatic alcohols. 

The epoxy resin system used in the inventive wel treating composition is composed of one or more epoxy 
resins which (a) win coat the particulate material when the particulate material is suspended in the gelled carrier 
and (b) wfl harden when placed down hole such that the epoxy resin-coated particulate material is thereby con- 
sdkJated to form a hard permeable mass. Examples of epoxy resins preferred for use in the present invention 
include: the diglyddyf ethers of bisphenol-A; the diglycidyt ethers of bisphenot-F; the gfycidyi ethers of amino- 
phenols; the glycidyt ethers of methylenedianiline; and epoxy novolac resins. The epoxy resins used in the in- 
ventive wel treating composition will preferably have epoxide equivalent weight* (EEW) in the range of from 
abotf 90 to about 300. The EEW of an epoxy resin is determined by dividing the molecular weight of the epoxy 
resin by the number of epoxide groups contained in each molecule of the epoxy resin. 

The epoxy resin system used in the inventive wad treating composition can aiso include a solvent or solvent 
system. When used, the solvent or solvent system win preferably be Included In the epoxy resin system in an 
amount sufficient to ensure that the viscosity of the epoxy resin system does not substantially exceed about 
5000 centiporse at 75° C. Examples of solvents suitable for use in the epoxy resin system include polar organic 
diluents which are reactive with epoxide and polyepoxide resins; polar organic diluents which are substantially 
nonreactive with epoxy resins; and mixtures thereof. Examples of suitable reactive polar organic diluents in* 
elude: butylglyddyf ether; cresolglyddyJether alkylglycidytether; phenylgfycidyf ether, and generally any other 
glyddyl ether which is misdbfe with the epoxy resin(s) used. Examples of substantially nonreactive polar or- 
ganic diluents suitable for use in the epoxy resin system are disclosed in U-S. Patent No. 5, 1 28,390. Preferred 
nonreactive polar organic diluents include: ethytacetate; butyl lactate; ethyl lactate; amy* acetate; ethylene gly- 
col diacetate; and propylene glycol diacetata. 

When possible, any solvent used in the inventive well treating composition wifl preferably be a mated* in 
which the finely-divided hardening agent wifl not substantially dissolve at ambient conditions. 

The epoxy resin system is present in the inventive well treating composition in an effective amount for con- 
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.oiuatfna the oarticulata material to form a hard permsabie mass. Typtealy, the amount of epoxy resin system 
TJ^X^^^^ wil be an amount providing in the range of from about 1 to about 20 pounda 
^J^n^arlOO pounds of particulate material. When, for exampl., the epoxy resin system constats es- 
i^^n^Z^r^ and 1.4-butanediol digryddyt 

"^^J^T^'^^^^ inverXe compoeitJon will preferabry be an amount pro- 
!2£ %£^Jh£2Z 2^boU 5 pound, of epoxy resin per 100 pound, of particulate material. 

^££5 agents** the inventive vrel t rating composition can gsnerally be any hardening agent 
whkTla^bVpSvided in finely-divided form; (b) can be readily dispersed in the epoxy ^ £ 
^liSs^m^condl^^ 

^ ^oce^ ^ the epoxy rr«in systsm. The hardening agent is preferably . 

SmS^ -Poxy resin composition which (a) exhibit, substantially higjHrcom. 

than doe. uncoated sand and (b) substantia^ retain. 

!IS XeWa har^sTepoxy resin composition which is wel-suitad for use at temperature in the rang. 

° f, ^^^n^^^lng agent, preferred for us. in the present invention indude: 4.4'-db> 
mirxSbSSu^^^ metephenytenedlamine. 4.441Apher^n^1 ; methy1 

^^^^^^^^^ system* aromadcdiamiru- are partly wel-suited 

f0f ^ ha ^XaflS^P«^ for u.. In the Inventive wed treating composition is 4^iamlnodl- 
nhJv^utfo^wT-DDS). The soTubilsy of 4,4'-DDS in most epoxy resin systems is typkafty very low. Addl- 
S^ad^^rssin compoiL. provided through the use of 4 4».^ h^y ^»<*™<? 
a Want and ctiemir^reelatant. Further, hardened epoxy resin compositions formed through the us. of 4.4 - 
DdS^Sc^ wen-suited for temperaturea in the range of from about 200- to about 350-1 M-omov*. 
m^mpa^on to other hardening agents used in the art. 4.4'-DOS presents an extremely lojjrhealth risk. 

^enSunt of finely-divided hardening agent used in the Inventive wel tretir^cornpo^to anamount 
which, when dissolved. Is effective for hardening the epoxy resin system, rf the hardening agent used in the 
^^•Zr^iOon Is f InStysiivided 4.4'-DOS, said4.4'-DD8 is preferably IrK^ded in the irrv«itiv. compo- 
sKtonlnanarmwntintherangetffr™ 

^etotfvidual partide. the finely-divided hardening agent will preferably have size, in the range off rom 
about 1 to about 1 00 mterona. Such particulate materials can be prepared, for example, by grinding the hard- 

° ni 7no^tofadlte^ thefineiy^Mded hardening agent can be added to the well treat- 

ing composition in a slurry form. Examples of diluent liquids preferred for use in forming the hardening agent 
2r^Sxto rnethanTemanol, **ropyl alcohd. ethyl acetate, butyl lactate. to^. x*one, 
Z Msohexyt alcohol, and mixture, thereof. When poseMe. the diluent w* preferably be e liquid material in 
which theflnery^dhrlded hardening agent win not substantially dissolve at ambient conditions. 

Althoooh theoefed carrierllquld u^d in the inventive weH treating composition can generally be any gelled 
canCcomnor* <u^ in the art. the gelled a™* liquid is preferably a gled aqueous canportioru The gelled 
... it., i.. *~~~~4 .~inrt fmh umw, brine, seawatar or the like. 



aoueous composition can generally be formed using fresh water, brine, aeawatBr or the like. 

Qen^h/TnyTslHng agent commonly used in we" treating operations to form gelled aqueous carrier liq- 
uids can be used in the present invention. The geling agents preferred tor use in th. P™?^ >™*^ 
P^accnarkles having molecular weight* in the range of from about 100.000 to about 4.000,000. ^Pofysao. 
c^Shaving molecular weight, in the range of from about 600.000 to about 2,400.000 are particularly wel- 
.uta^LVb. the potent iiwentioa The polysaccharide geHlng agent wil prefer** inctud. hydj^yt 

o^oa^ubattuerrt.^ 

clear aoueoua gel rurrir^aviscoslty of at least 

of r»lvsacdlaride porymers preferred for use in the inventive well treating composition include: substituted car- 
bowand hydroxy alkyl cellulose (e.g.. hydroxyethyl celhiose and caiboxymetrryl hydroxyethyl cellulose); guar 

c^aiidgWoiio^rfva^ 
fanyxrtpreferabry either riydroxyr^^ 
Leneo^esubstt^c/from about 01 to 



pyton. ^ _ iis!tM gf 

"^The'amount of polysaccharide geling agent used ipfcrm^thegefled.aoueous carrier liquid wil preferably 
D* an amount in the range of from about 20 to about 120 pounds of celling agent per 1000 galons of wat*. 
The oeiledamieoua carrier lio^wW prefer^ 
arxxil^centipoise.Most^ 
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50 pounds of hydroxypropyt guar gelling agent per 1000 gallons of water and has a viscosity in the range of 
from 15 to about 100 centipoise. 

The gelled aqueous carrier liquid can also include one or more gel crosslinking agents. Examples of gel 
crosslinking agents preferred for use in the present invention include: titanium lactate; titanium triethandamine; 
5 aluminum acetate; magnesium oxide; and zirconium salts. 

The inventive well treating composition preferably also includes one or more gel breakers. The gel breakers 
preferred for use in the inventive composition are materials which are operable for breaking the aqueous carrier 
gel, and thereby reducing the viscosity of the aqueous carrier liquid, at a time substantial corresponding to 
the placement of the inventive composition in a desired subterranean zone. When the carrier liquid gel is brok- 
10 en, the carrier liquid readily separates from the remainder (i.e., the epoxy resin-coated particulate portion) of 
the well treating composition. As a result, the epoxy resin-coated particulate material is allowed to consolidate 
and thereby form a hard permeable mass In the subterranean zone. 

When the getting agent used in the inventive composition is a substituted cdtuiose-type gelling agent the 
gel breaker used will preferably be an enzyme-type gel breaker (e.g., celluiase) or an oxidant such as sodium 
16 persuffate. When the gelling agent used in the inventive composition is a substituted guar gelling agent the 
gel breaker wifl preferably be a hemicelluJase or an oxidant such as sodium persuffate. 

The particulate material used in the inventive composition can generally be any proppant or other water- 
insoluble particulate material of the type used in fracturing, gravel packing, and similar well treating operations. 
Examples include: sand; glass beads; nut shetts; metallic pellets; gravel; synthetic resin pellets; gilsonite; coke; 
20 sintered alumina; mullite; and combinations thereof. The particulate material used in the present invention is 
most preferably sand. The particulate material will preferably have a particle size distribution In the range of 
from about 10 to about 70 mesh, U.8. sieve series. 

The amount of particulate material used In the inventive composition is preferably an amount in the range 
of from about 2 to about 20 pounds of particulate material per gallon of the gelled aqueous carrier liquid. Most 
26 preferably, the amount of particulate material used in the inventive composition is an amount in the range of 
from about 3 to about 15 pounds of particulate material per gallon of gelled carrier liquid. 

One or more coupling agents can optionally be used in the inventive composition to facilitate the coupling 
of the epoxy resin(s) with the particulate component of the inventive composition. Coupling agents preferred 
for use in the inventive composiion are functional silanes. The coupling agent used in the inventive compo- 
se sition is preferably a ^beta-(aminoethyltaamma-am The amount of coupling agent 
used in the inventive composition wil preferably be in an amount in the range of from about 0 to about 2 parte 
by weight per 100 parts by weight of epoxy resin used in the inventive composition. 

As will be understood by those skilled in the art, hardening rate controllers (La., retardere or accelerators) 
can be used to extend or shorten the time necessary for curing the epoxy resin composition. Examples of re- 
36 tarders suitable for use in the present invention include low molecular weight organic acid esters (e.g., alky! 
esters of low molecular weight alkyl acids containing from about 2 to about 3 carbon atoms). Exarr^es of ac- 
celerators suitable for use in the inventive composition include: 2,4,6- tris dlmethyiaminomethylphenol; the 
ethylhexanoate salt of 2,4,6-tris dlmethyiaminomethylphenol; and weak organic acids such as fumaric acid, 
erythorbic acid, ascorbic add, and maleic acid. Any hardening rate controler used in the present Invention will 
40 preferably be present in an amount in the range of from about 0 to about 10 parts by weight per 100 parts by 
weight of epoxy resin used in the composition. 

The inventive wel treating composition can further include one or more surfactants which enable the 
epoxy resin system to ra piety coat the particulate material. Examples of such surfactants suitable for use in 
the present invention and desirable concentrations thereof are disclosed in U.S. Patent No. 5.128,390. 
46 In order to further facilitate the coating of the particulate material, the inventive composition can also in- 
clude an aliphatic alcohol which is only slightly water-soluble. Examples of preferred aliphatic 4cohois indude 
isoamyf alcohol and isohexyl alcohol. When used, such alcohols are preferably present in the inventive com- 
position in an amount in the range of from about 1 to about 2.5 gallons per 1000 gallons of gelled aqueous 
carrier liquid. 

50 As wil be understood by those skiOed in the art and as explained in U.S. Patent No. 5,1 28,390, the inventive 
composition can also include other surfactants which operate as oil-water demulsif ters, foaming agents, and 
the like. 

The inventive wefl treating composition can be conveniently formed at the well site. In forming the inventive 
composition, the geted aqueous carrier liquid is preferably first prepared by combining the gellktg agent with 
55 water. The resulting gelled aqueous carrier is then preferably conducted to a continuous stream mixing tub or 
other commonly used continuous mixing apparatus. In the mixing tub, the remaining components of the in- 
ventive composition are continuously added to and mixed with the gelled aqueous carrier liquid. As the com- 
ponents are mixed, the resulting mixture is continuously drawn from the mixing tub and injected into the well 

s 
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such that the inventive composition is placed or injected kilo a desired subterranean zoo. 

A^tne inventive composition flows down the wel tubing toward the subterranean zone, U» irwontJve corn- 
ed to trebly blended such that (a) the *«^"^*™^ d * T^Z^^Z^Z 
SoukUb) the components of the epoxy resin system are thoroughly blended; (c) ^^^^^^ 
agent to LougnlyNended with the epoxy resin system; and (d) the particulate material is thoroughly coated 
with the eooxy resin systerMmely-divided hardening agent Mend 

In^nUjimenTol tn. inventive metnod. the inventive weH treating composition to injected into a 
u«ier sufficient pressure to form fractures *i a subterranean formation- The resin-coated partic^matertol 
deooste and consolidate* •» these fractures to provide fluid-permeable flow paths within the formation. 

m another embodiment of the inventive method, the inventive wei treating composition Is used in an other- 
wtoe conventional gravel packing operation. In the inventive gravel packing operation, the inventive weT treat- 
ing, composition to delivered, tor example, to an open subterranean zone (e.g.. an urtoerreamed wel borejsur- 
rour^ln^screening devce (e.g.. a perforated liner wrapped wth a wins screen) whereby the resin-coated 
particulate material deposits and consolidates around the screening device to form a hard, fluid-permeable 



If desired, the epoxy reun system and finely-divided hardening agent components of the inventive conv 
nosition can be premixed to form an inventive one-package epoxy system. Thus, a large batch of the inventive 
o^package epoxy system can be prepared and stored at a desired location. Portions of the one-package 

system can then be delivered, when needed, to one or more well sites. 

In order to prevent the inventive one-package system from hardening, the system to maintained under tom- 
oerature conditions such that the finely-divided hardening agent does not substantially dissolve In the epoxy 
resin system. Consequently, the finely-divided hardening agent used In the present Invention wil preferably 
be a hardening agent which will not substantially dissolve In the epoxy resin system at temperatures of up to 
at least about 25* C. 

In one embodiment of the present invention, the inventive one-package epoxy system to prepared a sub- 
stantial period (e.g.. at least one day) in advance of the time that the Inventive well treating composition con- 
taining the one-package system is to be mjactod into a well. When the hardening agent used in the inventive 
ofte-Dackaoe system to 4/f-DDS, the one-package system can generally be stored at temperatures not ex- 
ceedtafl^out75* Ffora period of more than 25 days. Substantial dissolution of the 4.4'-ODS hardening agent 
tvoicafy vrll not occur until the temperature of the epoxy resin system to ratoed to about 90° F. 

^roughout the inventive wel treatment method, the finely-divided hardening agent to preferably main- 
tained under temperature conditions such that the hardening agent does not substantially dissolve in the epoxy 
resin system until after the Inventive well treating composition to injected into the wel. When the inventive com- 
position to exposed to the elevated temperatures existing In the subterranean zone, the finely-divided hard- 
ening agent dissolves in the epoxy resin system and then operates to harden the epoxy resin whereby the reeln- 
coated particulate material forms a hard, consolidated, permeable mass. 

The tbtowing examples are presented in order to further illustrate the present invention. 

I 



The viscosity development characteristics of an epoxy resin system at 100° F and 120° F were evaluated 
over several days. The epoxy resin system consisted of 66 grams of MY0500 (a digtycidyl ether of para- 
aminophenol available from CIBA GEK3Y Corporation) mixed with 7.92 grama of 1.4-butanedld digtycidyl 
ether The results of these tests are provided in Table 1. The results indicate that the epoxy reein system wil 
undergo self-polymerization at elevated temperatures without the addition of a hardening agent Sue*: so* 
polymerization is likefy to occur as a result of the presence of tertiary nitrogens in the backbone of the epoxy 



In view of these results, it to apparent that the epox esin used in the inventive composition wil preferably 
be a resin which wil not substantialy self polymerize -nbierrt conditions prior to the time at which the in- 
ventive composition to properly placed in the desired bu terranean zone. 
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TABU 1 

vtscosity* issal or raura i pqxt ronjiaa 

YlfgQfltV It (*f) — 

Dava 100'F Wf 



0 


80000 


72000 


1 


76000 


72000 


2 


76000 


72000 


3 


80000 


76000 


5 


92000 


80000 


6 


80000 


80000 


7 


80000 


80000 


8 


76000 


80000 


9 


76000 


80000 


10 


80000 


80000 


11 


92000 


88000 


12 


88000 




15 


80000 




20 


80000 




25 


88000 




30 


92000 




36 


108000 





* Measured with RVT Brookfield viscometer at 1 rpn with 
spindle #4. 



EXAMPLE II 

55.44 g of 4.4'-DDS powder in 4 ml of butyl lactate were mixed with 98.6 g of an ©poxy resin system Identical 
to the epoxy resin system tested in Example I. The resulting dispersion was divided in four portions. Portions 
1, 2, 3. and 4 were maintained, respectively, at room temperature (I.e., about 75° F), at 90° F, at 100° F, and 
at 120° F. The viscosity of each composition was monitored over a number of days. 

As indicated in Table 2. the dispersion maintained at room temperature did not substantially harden during 
the entire 26 day testing period. The compositions maintained at 90° F and 100° F, on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear to have a relatively long pot 
life when stored at temperatures not substantially exceeding 75° F. 
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36000 
30000 
34000 
30000 
44000 
44000 
40000 
40000 
40000 
20000 
30000 
20000 
20000 
20000 
20000 
14000 
14000 



40000 
34000 
20000 
34000 
32000 
44000 
44000 
72000 
•0000 
113000 
340000 
2S4000 
400000 
400000 
1472000 
1400000 



10000 
24000 
14000 
24000 
34000 
30000 
33000 
34000 
00000 
00000 
140000 
333000 
433000 
944000 
1400000 



33000 
40000 
64000 
140000 
440000 
1400000 



M«a«ur«d with RVT Orookfltld viwoMttr at 1 rpa with apiadla 04. 



r.turi <!.«., about 7$» W% 



EXAMPLE III 

Numerous one-package epoxy systems were prepared by mixing powdered 4,4-DDS with various epoxy 
resin systems. The compositions of these one-package systems are set forth in Table & In some cases, the 
powdered 4 f 4'~DDS composition used in the blending process was a powdered 4 f 4'-DDS/methand slurry. 

Each of the one-package epoxy systems was used to coat a sand material suspended in a carrier. In each 
instance, the resin mixture in question was added to an amount of the sand/carrier suspension and the resulting 
composition was blended for 3 minutes using an over head stirrer. The sand/carrier used in each case contained 
8 pounds of sand per 100 gallons of carrier liquid. 

FoMowing the coating procedure, each of the resin-coated particulate materials was cured. TaWe4 provides 
the curing conditions used in each case as wel as the type of sand used, the amount of one-package system 
used per sack of sand, and the carrier liquid used In each case. 

Following the curing process, the compressive strengths, glass transition temperatures, and matt temper- 
atures of the resulting consolidated materials were determined. These properties are provided in Table 4. 

As indicated in Table 4, the one-package opoxy/DDS dispersions provided by the present invention were 
effective for coating suspended sand and for providing consolidated materials having compressive strengths 
substantialy exceeding the co m pre s sive strength of unooated sand. 

The glass transition temperature (Tg) of a cured epoxy resin generally indicates the upper useful temper- 
ature limit of the cured resin. As indicated in Table 4. almost all of the hardened compositions prepared in this 
Example had glass transition temperatures exceeding 200° F. Several of the hardened compositions exhibited 
glass transition temperatures approaching or exceeding 350° F. 
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1 .5 mL of ^beta^aminoethyfVgamnra-a^ .58 grams of HT976, and 11 .55 mL of 

methanol was prepared by mixing using an overhead stirrer. A first portion of this composition was used to 
coat 20/40 mesh Ottawa frac sand at a concentration of 0.5 gallons of the one- package epoxy system per 1 00 
lb. sack of sand. A second portion of the one-package system was used to coat 20/40 mesh Ottawa frac sand 

5 at a concentration of 0.375 galons of the one- package system per 100 lb. sack of sand. The procedure used 
in each case for coating the sand with the one-package system involved the steps oft suspending the sand in 
a gelled aqueous carter liquid at a concentration of 8 pounds of sand per 100 galons of gelled liquid; adding 
the one-package epoxy system to the sand/carrier liquid suspension; and blending the resulting composition 
for 3 minutes using an overhead mixer. The geled carrier liquid had a pH of 9.5 and was composed of 40 lb. 

10 of hydroxypropyl guar per 1000 gallons of aqueous liquid. The aqueous liquid used was an aqueous 2% KCI 
solution. 

Each of the resin-coated sand compositions was cured for 24 hours at 275° F and 1 000 psi closure pressure 
in an API linear conductivty cell. 

Following the curing procedure, water flow was initiated through each of the conductivity ceils and the coo- 
13 duct rvrt let of the materials therein were determined. Flow conductivities for each of the materials were then 
determined at closure pressures of 40CC psi and 6000 psi. The conductivity values obtained in these tests are 
recorded In Table 5. 

For comparison purposes, the fluid conductivty of uncoated 20/40 Ottawa sand was also determined at 
closure pressures of 1000 psi, 4000 psi, and 6000 psi. The results of these tests are also shown in Table 5. 
20 As indicated in Table 5, the fluid conductivities of the consolidated materials prepared using the inventive 
one-package epoxy system substantially exceeded the fluid conductivities of the uncoated sand. 

At the end of the flow conductivity test, each of the consolidated compositions remained consolidated. 
Scanning electron microscope analysis indicated that the hardened epoxy surface coatings formed in each 
case were not in any way substantially disrupted by the high pressure flow tests. 



TABLE 5 



33 



FRACTURE CONDUCTIVITY DATA 


Stress (psi) 


Conductivity (md-ft) 


.375 gal/sac* . 


.5 gal/sack 


No Resin 


1000 




5385 


5614 


4231 


4000 




4225 


3040 


2422 


6000 




3029 


2416 


950 



EXAMPLE V 

A dispersion consisting of 41 .58 grams of HT 976 powder, 66 grams of MYO500, 7.92 grams of RD-2, and 
3 milliliters of butyl lactate was prepared by mixing with an overhead stirrer. 1.5 milliters of N-beta-(aminoe- 
thyf>^amma-antinopmpyltrimethoxy si lane coupling agent and 11.55 milliliters of methanol were added to the 
dispersion and mixed therewith using said overhead stirrer. 

A portion of the resulting mixture was used to coat 20/40 mesh Ottawa frac sand in an amount of 0.5 galons 
of mixture per 1 00 lb. sack of sand. A second portion of the mixture was used to coat 20/40 mesh Ottawa frac 
sand in an amount of 0.75 galons of mixture per 100 lb. sack of sand. During the sand coating process, the 
sand was suspended in an aqueous gel having a pH of 9.5 and consisting of 40 pounds of hydroxypropyl guar 
par 1000 galons of aqueous 2% KCI solution. In each case, the sand/geled carrier suspension consisted of 
8 pounds of sand per 100 galons of the geled aqueous carrier liquid. The sand coating procedure used was 
ossentialy identical to the coating procedure described in Example IIL 

Each of the resin-coated sand compositions was cured in an API linear conductivity eel for 20 hours at a 
temperature of 275° F. After hardening, each of the consolidated materials had a compressive strength of 1300 
pel at 275° F. At a closure pressure of 600 psi, the 03 gallon per sack material exhibited a flow conductivity 
of 2500 md-ft whereas the 0.75 gallon per sack material exhibited a flow conductivity of 3000 md-ft Since, as 
indicated above, the fracture conductivity of uncoated 20/40 mesh Ottawa frac sand under these conditions 
is only 950 md-ft, the hardened inventive compositions exhfoited fracture conductivities substantialy exceed- 

4* 
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ing the fracture conductivity of uncoated sand. 
EXAMPLE VI 

5 Twelve epoxy novdac based one-package epoxy systems (Le. f resin system compos Wons 29-40) having 
the compositions set forth in Table 6 were prepared Resin system compositions 29-33 were prepared by mixing 
together 19 g of SU 2.5, 3.3 g of HELOXY 5044, 1 mL of ED-1, and 7.56 g of HT 976 for 1 50 minutes using a 
mechanical stkrer. To this mixture was added 0.5 mL of A1120 followed by 15 minutes of additional stirring. 
Next 3 mL of methanol were added followed by 5 additional minutes of stirring. The resulting mixture was then 

10 used, in the amounts set forth in Table 8, to coat 20/40 mesh Ottawa sand in an aqueous gel carrier. 

Resin system compositions 34-36 were prepared by mixing together 1 9 g of SU 2.5, 3.3 g of HELOXY 5044. 
1 mL of ED-1, and 0.5 mL of A1120 for 15 minutes. Next 7.56 g of HT 976 dispersed in 7 mL of methanol were 
added followed by one minute of additional stirring. The resulting mixture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

15 Resin system compositions 37-40 were prepared by mixing together, in the amounts set forth in Table 6, 
SU 2.5, HELOXY 5044, and A1 1 20 for 1 5 minutes using a mechanical stirrer. A second composition containing 
HT 976, ED-1 , and methanol in the amounts set forth in Table 6 was prepared by mixing these components 
together for 10 minutes using a mechanical stirrer. The second composition was added to the first composition 
and the resulting mixture was stirred for one minute. The final stirred mixture was then used in the amounts 

20 set forth in Table 6 to coat 20/40 mesh Ottawa sand In an aqueous carrier gel. 

The gelled aqueous carrier liquid used In each case contained 40 lb. of hydroxy propyl guar per 1 000 gallons 
of aqueous liquid (i.e., 2% aqueous KCI solution) and had a pH of 5. In each case, the sand/carrier liquid sus- 
pension used consisted of 500 g of sand per 555 mL of gelled aqueous carrier liquid. 

In each case, the sand was coated with the resin composition by mixing the resin composition with the 

23 sand/carrier suspension using an overhead stirrer. Following the coating procedure, each of the resin coated 
sand materials was packed in a separate glass tube and cured in an oven. The curing conditions used, as well 
as the compressive strengths and glass transition temperatures exhibited by the cured materials, are recorded 
in Table 6. 

As indicated by the compressive strength and glass transition temperature characteristics exhibited by 
30 compositions 29-40, these epoxy novdac based resin systems provided consolidated materials which were 
well-suited for use at temperatures exceeding 300° F. 
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Claims 

1. A method of treating a subterranean zone in a well, which method comprises the steps of: 

(a) injecting a treating composition into the wei to place the composition in the said, subterranean zone; 
wherein the treating conposttJon comprises a geled carrier, a particulate material, an epoxy resin sys- 
tem including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that prior to injecting the com- 
position into the well in accordance with step (a), the finely-divided hardening agent is not substantially 
dissolved. 

2. A method according to claim 1 , further comprising ths step, prior to step (a), of premixlng the finely-divided 
hardening agent with the epoxy resin system. 

3. A method according to claim 2, wherein the finely-divided hardening agent is premixed with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to claim 2 or 3, wherein said finely-divided hardening agent is premixed with said 
epoxy resin system by mixing with said epoxy resin system a slurry comprising the finely-divided hard- 
ening agent and a carrier liquid. 

5. A method according to claim 4, wherein the carrier liquid is methanol, ethanol, isopropyl alcohol, ethyl acet- 
ate, butyl lactate, toluene, xylene, isoamyt alcohol, isohexyl alcohol, or any mixture of two or more thereof. 

S. A method according to any of claims 1 to 5, wherein the epoxy resin system further includes at least one 
solvent 

7. A method according to any of claims 1 to 6, wherein the treating composition is prepared by- 

(i) adding the particulate material to a substantially continuous stream comprising water and e gelling 
agent; and 

(ii) adding the epoxy resin system and the f inely-divided hardening agent to said continuous stream. 

8. A method according to any of claims 1 to 7, wherein the f ineiy^divided hardening agent is 4.4 f -dlamino- 
diphenylsulfone. 

9. A method according to any of claims 1 to 8, wherein said subterranean zone is a subterranean formation 
and said treating composition is injected into the wett under sufficient pressure to fracture the subterra- 
nean formation. 

1 0. A method according to any of claims 1 to 9, wherein the treating composition Is injected into the well such 
that the particulate material is coated with the epoxy resin system and the finely-divided hardening agent, 
and the coated particulate material is deposited in said subterranean zone around a screening device. 
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